Abstract-A tapered multimode fiber as a salinity sensor was demonstrated. The sensitivity of the sensor could be enhanced by tapering the multimode fiber to a 10µm diameter size and 50mm of waist length. The tapered multimode fiber sensor was tested with the different concentration of sodium chloride (NaCl) which is diluted in the distilled water. The tapered multimode fiber sensor (TMFS) is easy to fabricate, compact, and simple. The sensitivity of the sensor achieved 0.1705 a.u/M. The findings demonstrated the capability of TMFS for salinity sensing and its potential application for detection of chemical sample.
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I. INTRODUCTION
Salinity sensing is very important in many manufacturing industries applications such as examination of water quality, agriculture industries, and marine applications. Fiber optic chemical sensor has high potential in terms of its sensitivity, fast detection, biocompatibility and adaptability to various assay conditions as well as low power consumption, compactness, in situ measurement and immunity from electromagnetic interference [1] . In a normal fiber, the evanescent wave field (EWF) is almost zero at the surface of the cladding since the light is propagating along the core and confined inside due to the effect of total internal reflection [2] . By tapering the fiber to reduce its core diameter, the amount of light that can propagate or penetrate outside from the core will be increased. Hence, the sensitivity of light to the surrounding area will be high due to the enhanced EWF, making it feasible for sensing changes to surrounding refractive index (RI). Ion chromatography (IC) is the most employed technique to measure the concentration of the fluid samples. However, this technique is not economical because it required specific stationary phase and mobile phase for different liquid samples. Moreover, a capillary tube namely as a column being used in this machine is quite expensive [3] . In this work, we propose salinity sensing by using a tapered multimode fiber sensor (TMFS). Sodium chloride was deployed as a target analyte and the change in light absorbance with different sodium concentration was observed.
II. METHODOLOGY
A multimode fiber with an overall and core diameter of 125 µm and 62.5µm respectively was stripped off by about 5cm in the middle of the fiber before it is placed on the fiber holder of the fiber processing workstation (Vytran GPX 3200) shown in Figure 1 . Up and down taper parameters were set to 2mm with 50mm waist length and 10µm waist diameter (see Fig.  2 ). The stripped part of the MMF was heated by a graphite filament while slowly being pulled at both ends at 1mm/sec velocity. Once the taper was completed, the profile of the tapered fiber was checked under the camera attached to the taper machine.
The experimental set up comprised of a halogen lamp as a white light source, a spectrometer (Ocean Optic 2000), multimode pigtail, fiber platform, and LCD monitor as a display unit. The sensing region was placed on a specially fabricated fluid sensing platform and was first immersed in distilled water (see Fig. 4 ). Solution without sodium concentration acted as a reference before the experimental work was carried out with different sodium concentrations of 0.2M, 0.4M, 0.6M, 0.8M, and 1.0M. The different concentration of NaCl was prepared by diluting the NaCl in distilled water. The spectrometer then measured the absorption spectrum for different sodium concentration.
III. RESULTS AND DISCUSSION
Based on Equation (1) the taper ratio was 0.8 Different absorption output is obtained asthe evanescent field propagates outside from the core and absorbed by the sodium chloride solution. The penetration depth of the evanescent field can be calculated by [4] :
where d p is a penetration depth, n core and n clad are refractive index of core and cladding, θ is incident angle, and λ is the wavelength. The sensitivity will be higher when the penetration depth becomes larger [2] . It depends on the refractive index of the surrounding medium and the incident angle [5] . The taper length also can increase the sensitivity of the tapered fiber [6] .
The equation (3) shows the linearity of the sensitivity to the length of the taper where ε is the molar absorptivity, L is the length of the interaction, and η is the fraction of light in the evanescent domain.
The tapering process would narrow the original cladding of the normal fiber and as a consequence, air will become the new cladding. When the taper is immersed in liquid solution, the solution will now function as a new cladding. Different Fig. 4 : Experimental set up for salinity sensing liquid concentration has different RI and consequently leads to different propagation properties as light passes through the tapered area. Hence, different concentration will absorb different intensity of light. Theoretically, when the concentration increases, the absorbance also increases to fulfil the conditions in equation (2),which shows absorbance, A is dependent on concentration, c, length of the fiber, l and molar absorptivity,
Results obtained from this experiment show that the absorbance increases linearly when the concentration of the NaCl increases. Figure 5 shows the result of the absorption of NaCl based on the different concentration. The maximum absorption peak was achieved at wavelength of 600nm. A big amplitude gap between the 0.4M peak and 0.6M can observed which might be due to the several uncertainties. For instance, the geometric of the tapered region can be affected by micro bend induced by mechanical stress of the liquid solution molecules [7] . Additionally, residual liquid molecules left on the tapered region necessitate a proper washing procedure prior to sensing of the next sample. Figure 6 shows the relation between the absorption and the concentration of the NaCl. The absorbance increase exponentially from 0.2M until 0.6M and almost reached stationary phase from 0.6M to 1.0M. The sensitivity of the sensor is 0.1705 a.u/M.
IV. CONCLUSION
In conclusion, TMFS provides an interesting sensing alternative that is quite simple, yet has good sensitivity for salinity Fig. 6 : The relation of the absorbance based on the concentration measurements. The evanescent wave field can be generated by tapering method to reduce the diameter size of the fiber. The smaller the waist diameter is, the more light can penetrate out from the fiber. Based on the result obtained from this experiment, it shows that the TMFS is a viable choice for salinity sensing with sensitivity of 0.1705 a.u/M. The tapered multimode fiber sensor can be a useful to sense the salinity.
